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RESEARCH
I
n the southwestern region of the United States, environmental conditions, such as high temperatures, low rainfall, and high winds, create conditions that are unfavorable for turfgrass growth, and significant amounts of irrigation water are required during the growing season to sustain turfgrass areas at an adequate quality level. Kjelgren et al. (2000) and Devitt et al. (2008) reported that 50% or more of the potable water used in residential areas in the desert Southwest in the summer goes to outdoor watering. Consequently, a number of different strategies have been suggested to reduce the amount of potable water applied to fully established turf areas. These include selecting drought-resistant turfgrass species, using non-potable water, and using efficient irrigation systems (Beard and Kenna, 2008; Leinauer and Devitt, 2013) . Numerous studies have shown that turf areas can be sustained with water that is high in salinity and does not meet the requirements for drinking water (e.g., Duncan et al., 2009; Sevostianova et al., 2011a,b) . Throssell et al. (2009) reported that 39% of all golf courses in the desert Southwest are currently irrigated
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Matteo Serena, Bernd Leinauer,* Marco Schiavon, Bernd Maier, and Rossana Sallenave ABSTRACT Irrigating with non-potable, saline water using a subsurface drip system has been suggested as a strategy to conserve water used for turfgrass. However, it is unknown if turfgrasses can be established from sod when saline water is applied from the subsurface. A two-year study was conducted at New Mexico State University to investigate the establishment of 'Princess 77' bermudagrass [Cynodon dactylon (L.) Pers.] from sod, irrigated from either a sprinkler or a subsurface drip system, with potable (electrical conductivity [EC] = 0.6 dS m ) water and propagated either early (mid-March) or late (mid-June). Establishment rate was calculated on the basis of percentage of green cover, which was determined by means of digital image analysis. At the end of each growing season, root samples were collected and analyzed for root weight density, root length density, and root diameter at three soil depths. When coverage data were averaged over water qualities, plots propagated in 2009 and irrigated from a sprinkler system established fastest, followed by sprinkler-irrigated plots propagated in 2008. Drip-irrigated plots were the slowest to reach full coverage. Root length density was higher in sprinkler-irrigated plots than subsurface drip irrigation plots at all depths. In conclusion, early propagation of Princess 77 bermudagrass resulted in complete coverage with a denser root system at the end of the growing season, regardless of the water quality or irrigation system used. If propagated early, subsurface drip-irrigated bermudagrass did not require supplemental irrigation from a temporary sprinkler system to successfully establish.
with recycled or treated effluent water. Compared with potable water, these waters are higher in total dissolved solids, sodium adsorption ratio (SAR), pH, residual sodium carbonate, and sodium content. When grown under such saline conditions, plants can exhibit lower germination rate, establishment, and growth (Dai et al., 2009 ) because of the osmotic pressure and ion antagonism (Deifel et al., 2006) . Therefore, choosing warm-season grasses that are generally more drought and salt tolerant than cool-season (Marcum and Kopec, 1997) would be preferable when water with higher salt content is used.
Efficient irrigation systems can help conserve significant amounts of potable irrigation water (Leinauer et al., 2010) . To achieve high irrigation efficiency, sprinklers with a spray pattern that matches the shape of the landscape and minimizes losses from wind drift, overspray, and run-off should be used. Irrigating from the subsurface can minimize losses (Beard, 1973; Burt and Styles, 2000) and has shown potential for water conservation (Leinauer et al., 2004; Duncan et al., 2009; Schiavon et al., 2011) despite potentially interfering with maintenance practices (e.g., aerification). Several authors reported that it is possible to maintain adequate turf quality of warm-and cool-season turfgrasses, even when saline irrigation water is applied from a subsurface drip irrigation (SDI) system (Choi and Suarez-Rey, 2004; Sevostianova et al., 2011a,b; Schiavon et al., 2011; Schiavon et al., 2012) .
"Dormant seeding" is a term that describes the seeding of grasses when soil temperatures are generally lower and not suitable for the germination of the seed (Reicher et al., 2000) . Sandlin et al. (2006) reported that bermudagrass [Cynodon dactylon (L.) Pers.] begins to germinate at 20°C, with an optimum between 25°C and 40°C, whereas Shaver et al. (2006) documented that bermudagrass emerges at soil temperatures as low as 15°C. However, bermudagrass, like several other turfgrass species, can be established not only from seed but also from sprigs, plugs, or sod. In the southern United States, bermudagrass is mostly propagated by sod (McCalla et al., 2008) . In a 1-yr study, Maurer (2007) successfully established bermudagrass from sod using SDI in combination with a sprinkler system to keep the soil surface moist. However, information is lacking on whether or not warm-season grasses can be established from sod without the help of a sprinkler system, when saline water is provided only from an SDI system. A field study was conducted at New Mexico State University to investigate the effect of saline water applied by means of SDI on the establishment of sodded bermudagrass. A second objective was to determine if early propagation (March) improved establishment of bermudagrass compared with a traditional June propagation time.
MATERIALS AND METHODS
A field study was conducted at New Mexico State University's Turfgrass Salinity Research Center in Las Cruces, NM (arid, 1265-m elevation) during 2008 and 2009 to compare establishment from sod and root production of 'Princess 77' bermudagrass (Seeds West Inc.) propagated from seed and sod that were either sprinkler or subsurface drip irrigated with saline or potable water. We chose Princess 77 because it has been one of the top-performing varieties in the National Turfgrass Evaluation Program (2009) (www.ntep.org) and is available as seed and sod.
The study was planned and established as a companion project to an already published study that investigated the establishment of dormant seeded bermudagrass and seashore paspalum (Paspalum vaginatum O. Swartz) under saline irrigation ) and potable (EC = 0.6 dS m -1 ) ( Table 1) . Saline water was pumped to the research site from a nearby shallow saline aquifer. The saline water is classified as medium in salinity and low for sodium hazard (C3-S1) (U.S. Salinity Laboratory Staff, 1954) and matched the salinity levels of recycled water used for turfgrass irrigation in the Southwest (Huck et al., 2000; Duncan et al., 2009 ). Subsurface drip irrigation was provided by Toro Rootguard DL2000PC, delivering 2.0 L h -1 and operated at 200 kPa. Drip lines were installed at a depth of 10 cm, with each emitter and line spaced 30-cm apart, in accordance with industry recommendations (Toro, 1998 A 92 cm (length) × 61 cm (width) × 61 cm (height) metal box equipped on the inside with four 9-watt lamps was used to provide equal and uniform lighting conditions for all the photographs taken (Ikemura, 2003) . A Canon A570is (Canon Inc.) camera was set to a shutter speed of 1/60, an aperture of f/2.6, ISO 200, and a focal lens of 32 mm. Turf coverage was determined using SigmaScan Pro 5 (Systat Software Inc.) following methods described by Richardson et al. (2001) . Total coverage of each plot was based on the mean value of the three photographs.
A scatter plot of coverage versus DAEP suggested a nonlinear relationship between the two variables. A sigmoidal association (Busey and Myers, 1979; Schiavon et al., 2013) was identified to best describe establishment of the turf plots (GraphPad Prism 5.0 for Windows; GraphPad Software). Establishment was considered successful when 95% green cover was reached .
Root samples were collected at the end of each of the growing periods, on 20 Nov. 2008 and 2009. For comparison purposes, roots were also collected from bermudagrass plots established from seed that were grown and maintained Irrigation amounts were calculated every Monday morning based on the previous week's cumulative ET 0 , and plots received a daily equivalent of 1/7 of the total weekly ET 0 . Climate data used to calculate ET 0 were collected at a weather station located in proximity to the study site (Table 2) . Irrigation for each sprinkler and subsurface drip main block was regulated by a separate solenoid valve and pressure regulator. Irrigation audits conducted before propagation ensured that distribution uniformity on the sprinkler-irrigated plots was greater than 0.7. Visual inspection of the drip-irrigated plots ensured that wetting fronts from drip lines reached the soil surface and moistened the soil uniformly. Irrigation water use for each irrigated block was recorded by means of water meters (Invensys Process Systems Inc.), and run times were calculated on the basis of emitter and sprinkler delivery rates compared with water meter readings. Soil samples were collected at the beginning (March) and the end (November) of the establishment. Samples were sent to a commercial soil testing laboratory for analysis to provide information on changes in soil salinity relevant parameters in the top 0 to 10 cm. (Table 3) . Plots were cultivated and hand-raked, and Milorganite organic fertilizer (6-2-0) (Milorganite) was applied at a rate of 3 g N m -2 using a drop spreader (Gandy Company). The sod used in the study was cut on a sod farm in close proximity to the research station on the day of propagation and laid immediately after delivery to the site. Before sodding, plots were hand-raked again from multiple directions to level the ground for uniform sodding. Weed control was achieved by hand removal of unwanted plants throughout the establishment period. Plots were fertilized with potassium nitrate (KNO 3 ) (13.5-0-46) at a rate of 2.5 g N m -2 and super Dec. using the same cultural practices as those used on the sodpropagated plots. The seed-established plots were replicated, randomly assigned to the study site, and subjected to the same treatments (irrigation systems, water quality, and propagation dates) as the sodded plots. Three cores were randomly collected from each plot using a split tube sampler with a diameter of 53 mm (Eijkelkamp). Each sample was then divided into four layers: thatch, 0 to 5 cm, 5 to 10 cm, and 10 to 20 cm. Samples were kept at 4°C until roots were separated from the soil using a water centrifuge. Roots were stored in an ethanol solution (18% v/v) at 4°C and subsequently hand-cleaned to separate stolons and rhizomes from roots and all other material. Root image analysis was conducted using WinRhizo 2008A software (Regent Instrument Inc.). Roots were placed on a transparent plastic plate covered with a layer of water, and images were taken using the light transmitted from an Epson Perfection V700 Scanner (Epson) with a standard setting of 400 dpi and a gray-scale color (Bouma et al., 2000) . Root length (cm) and diameter (cm) were determined for each sample and averaged for each plot. Root length density (cm cm -3 ) was calculated by dividing the root length by the volume of the sample. After scanning, roots were oven-dried at 105°C for 16 h, then weighed (Rabideau and Whaley, 1950; Turgeon et al., 1974) . The weight of the roots was divided by the sample volume to determine root weight density (mg cm -3 ). The experimental design was a randomized complete block with a combination of irrigation system and water quality as the whole block treatment, and propagation date (6 m × 3 m) as subplot treatment. Each treatment combination was replicated three times. Percentage of green coverage and root data were analyzed using ANOVA procedures, and mean separation tests were conducted using Fisher's protected LSD (P = 0.05) in SAS Proc Mixed (SAS 9.3; SAS Institute, Inc.).
RESULTS Establishment
Similar to what was reported for turfgrasses established from plugs (Busey and Myers, 1979) and seed (Leinauer et al., 2010 Serena et al., 2012 ), a sigmoidal model best described the establishment of bermudagrass from sod. Regression coefficients in our study ranged from 0.94 to 1.
Analysis of DAEP95 revealed a significant three-way interaction between year, water quality, and irrigation type, a significant two-way interaction between water quality and propagation date, and a significant two-way interaction between irrigation type and propagation time (Table 4) . Therefore, DAEP95 data were first averaged over propagation date and presented separately for each year, water quality, and irrigation system (Fig. 1) . Second, data were pooled over year and irrigation (Table 5 ) and year and irrigation type ( Table 6 ).
Plots that were propagated in 2009 and irrigated from a sprinkler system with either potable or saline water were the fastest to reach 95% coverage in 91 and 89 DAEP, respectively (Fig. 1) . Subsurface drip-irrigated plots with saline water in 2008 were the slowest to reach 95% coverage and needed 171 d (Fig. 1) . 
NS NS *Significant F test at the 0.05 level of probability.
**Significant F test at the 0.01 level of probability.
***Significant F test at the 0.001 level of probability.
revealed differences only at depths of 0 to 5 and 10 to 20 cm (Table 7) . Irrigation type affected RWD at a depth of 0 to 5 cm but not at 5 to 10 or 10 to 20 cm (Table  7) . Generally, sprinkler-irrigated plots resulted in higher RWD (2.12 mg cm ). Table 7 displays all significant treatment main effects and interactions for root length density (RLD). Early-planted, sprinkler-irrigated plots had the highest RLD (9.85 cm cm ), whereas all other treatments, which included lateplanted, sprinkler-irrigated plots (7.61), and drip-irrigated plots planted both early (6.99) and late (6.91) exhibited similar RLD at the depth of 0 to 5 cm. Propagation date affected RLD at all depths. Early propagation resulted in higher RLD (Table 8 ) than propagation in mid-June. When data were averaged over both water qualities, irrigation systems, and propagation dates, RLD in 2008 was higher on seeded plots than on sodded ones at 0-to 5-and 5-to 10-cm depths (Table 9 ). Root length density did not differ between seeded and sodded plots at any of the measured depths in 2009 (Table 9) .
Root Length Density
Irrigation type affected RLD at all three depths (Table 7) . Sprinkler-irrigated plots had higher RLD at all three depths compared with the plots irrigated from a drip system (Table 10 ). When data were analyzed for differences between water qualities (Table 11) , irrigation with saline water resulted in greater RLD at 0 to 5 cm (9.68 cm cm (Table 11) .
Root Diameter
Analysis of variance revealed a significant propagation and irrigation effect on root diameter (RD) at depths of 5 to 10 and 10 to 20 cm (Table 7) . Sodding resulted in thicker roots at 5 to 10 cm (0.28 mm) and at 10 to 20 cm (0.31 mm) compared with seeding. Average root diameter on plots established from seed was 0.23 mm at 5-to 10-cm depths and 0.26 mm at 10-to 20-cm depths. Subsurface drip irrigation resulted in RD of 0.27 mm at 0-to 5-cm depth and of 0.31 mm at 10 to 20 cm. Sprinkler-irrigated bermudagrass had smaller roots, measuring 0.24 mm in diameter at 5 to 10 cm and 0. When data were averaged over years and water qualities, sprinkler-irrigated plots sodded early were fastest to reach 95% coverage (91 d), followed by plots sodded late (115 d) (Table 5 ). Drip-irrigated plots propagated in June were the last to reach 95% of coverage, needing 178 d. When data were averaged over both years and irrigation systems, plots sodded early reached full green coverage earlier (102 d for saline and 114 d for potable water) than plots sodded late (152 d for saline and 141 for potable water) (Table 6 ).
Statistical analysis of percentage green cover at the end of each growing season revealed a significant two-way interaction between irrigation type and propagation dates and between water quality and propagation dates (Table 4) . Bermudagrass plots that were drip-irrigated and propagated in mid-June exhibited lowest green cover (92%) at the end of the growing period (Table 5 ). Plots irrigated with saline water and propagated late reached on average 93% coverage at the end of the growing period (Table 6 ). Nonetheless, all plots, regardless of irrigation type and water quality, reached coverage above 90%. The differences between treatments may have been statistically significant but are not biologically meaningful.
Root Weight Density
Root data were analyzed separately for each soil depth. Analysis of variance of root weight density (RWD) Table 7 . Results of analysis of variance testing the effects of year, water quality, irrigation system, propagation method, propagation dates, and their interactions on root length density, root diameter and root weight from samples collected at the end of the growing season of 'Princess 77' bermudagrass [Cynodon dactylon (L.) Pers.] at 0-to 5-, 5-to 10-, and 10-to 20-cm depths. For purposes of clarity, only main effects and interactions that were significant on at least one occasion are presented in the ) water. Grasses were propagated either early (mid-March) or late (mid-June), and samples were collected in November. Each value represents an average of two irrigation systems (sprinkler and subsurface drip), two propagation methods (seed and sod), two propagation dates (mid-March and mid-June), and three replicates. 
DISCUSSION
Subsurface drip irrigation has been proposed (Duncan et al., 2009; Leinauer et al., 2010 ) and more recently mandated by water agencies (California Department of Water Resources, 2009) as an alternative means of irrigating turf landscape areas. However, for this method to become a widespread alternative to sprinkler irrigation, its compatibility with common turf maintenance practices, such as establishing lawns from seed and sod, needs to be evaluated. Establishment of Princess 77 from sod was successful under both irrigation systems and water qualities regardless of date of propagation. Date of propagation did not affect establishment, as all treatments had cover greater than 90% by the end of the growing season (Tables 5 and  6 ). However, sprinkler treatment resulted in the fastest treatment, and generally subsurface drip was the treatment that took the longest time to establish.
Mid-June propagation in combination with saline water resulted in the lowest grass coverage of all treatments (Table 6 ) at the end of the growing period. The delaying effect of salinity on establishment of seeded turfgrasses was reported by Duncan et al. (2009) even for salt-tolerant species such as bermudagrass. However, salinity did have less of a deleterious effect on establishment from sod, which is comprised of more mature plants with potentially greater tolerance to salinity than younger, freshly emerged plants, compared with what was previously reported by Schiavon et al. (2012) . Salinity level of the water used in our study was not extremely high but was similar to levels found in recycled water (Huck et al., 2000; Duncan et al., 2009) . Studies have shown that drip irrigation with saline water can lead to greater salt accumulation in the top 10 cm of the rootzone than with sprinkler irrigation (Maurer, 2005; Sevostianova et al., 2011a,b) . Subsurface drip-irrigated plots also had greater salinity concentrations at soil depths of 0 to 10 cm. In particular, EC, SAR, and sodium content were higher in subsurface drip-irrigated plots than sprinkler-irrigated plots (Table 3 ). These differences in soil salinity were even noticeable when SDI was used in conjunction with potable water, most likely because of the calcareous nature of the parent soil material. This increase in salinity may have caused the delayed establishment of late-propagated bermudagrass under SDI (Table 5) .
Faster establishment of dormant-seeded warm season grasses has been documented by Schiavon et al. (2012) and Shaver et al. (2006) . However, no studies have investigated whether dormant propagation accelerates establishment in sodded grasses. Our results showed that sod laid early in the season (mid-March) required fewer days to establish than sod laid late (Table 5 and 6 ). Our results also demonstrated that full green coverage was achieved most rapidly when sprinkler irrigation was used to propagate bermudagrass from sod ( Fig. 1) , and establishment was slower under SDI. Our results differ from those of Maurer (2007) , who found no difference in time to establish between SDI and sprinkler-irrigated sod; however, in that study the authors supplemented the plots with water from a temporary sprinkler system. Late-planted sod showed initial drought stress symptoms during the first 2 wk after being laid, which resulted in reduced color and quality (data not presented). However, after the roots reached the wetted rootzone, the turf greened up and recovered.
Root growth was determined by means of digital image analysis, which has been shown to be an easy and reliable method (Himmelbauer et al., 2004) for numerous crops. However, limited information is available on root system development of bermudagrass after establishment, and it is not known if water quality and different irrigation systems affect root architecture. Root growth of warm season grasses is minimal in the spring, increases during the summer, and reaches its peak shortly before dormancy in the fall (Ntoulas et al., 2011) .
Root growth assessment is an important aspect of establishment studies for multiple reasons. King and Beard (1969) found athletic fields may not perform adequately if sods used to establish the fields have inadequate root systems. Dormant sodding in December has been found to be advantageous for developing superior root strength in cool season species, such as Kentucky bluegrass (Poa pratensis L.), when compared with a traditional sodding in May (Henderson et al., 2009 ). In our study, mid-March propagation resulted in higher RLD compared with mid-June propagation (Table 8 ). This indicates that dormant sodding (and seeding) is advantageous for the development of a more extensive root system at all depths by the end of the initial season. Moreover, irrigation type had an effect on RLD (Table 7) within the top 5 cm of soil profile. Sprinkler irrigation resulted in a higher RLD when the plots were planted early in the season; however, there was no difference between the irrigation systems when the plots were planted later in the growing season. Roots in the sprinklerirrigated plots were dominant in the top soil layer, most likely because of the higher moisture content provided by above-ground irrigation. For the plots that were seeded late, there was not enough time in the growing season to completely establish ground cover and a dense root system. Generally, SDI resulted in lower RLD compared with sprinkler irrigation at all measured depths (Table 11) . Further research is necessary to investigate whether or not SDI would result in increased RLD at depths greater than 20 cm. Cote et al. (2003) demonstrated that in coarser textured soils the wetting pattern from drip emitters is usually deeper than wide. It is therefore possible that the grass plants on drip-irrigated plots may have developed deeper root systems than sprinkler irrigated plants, but we did not investigate this issue. However, a greater RLD has been observed in drip-irrigated sweet corn (Zea mays L.) compared with spray-irrigated corn at soil depths of greater than 30 cm (Phene et al., 1991) .
Elevated soil salinity levels, particularly of NaCl and CaCl 2, can result in a decrease of shoot growth, but an increase of root biomass in bermudagrass (Youngner and Lunt, 1967) . Dudeck et al. (1983) also reported that the rate of bermudagrass root growth increased with increasing salinity levels of up to 9.9 dS m -1
. During the course of our study, saline irrigation affected both RD and RLD. In 2008 saline-treated plots exhibited greater RLD in 0-to 10-cm depths compared with plots irrigated with potable water. However, these differences were not visible in 2009 (Table 11) . Similar results were found in a study by Marcum (1999) , in which warm season grasses showed an increase in root length and root weight due to increases in salinity. It is not clear why differences in RLD between plots irrigated with saline and those irrigated with potable water were not observed for both years (Table 3) , as salinity levels at the end of both growing seasons appear to be similar (Table 3) . Pessarakli et al. (2008) found that in a hydroponic greenhouse study, bermudagrass root length was not affected by NaCl levels as high as 7000 mg L -1 . However, the reduction of root length was significant at NaCl levels of 14,000 mg L -1
. The authors did not find differences in root dry weight between salinity levels (Pessarakli et al., 2008) , which would suggest that the observed differences in root length density were due to changes in other root parameters such as surface area or diameter. This increase in root area or biomass in response to salinity stress has been attributed by some researchers to an adaptation to greater osmotic stress resistance and improved nutrient uptake (Rozema and Visser, 1981; Dudeck et al., 1983) . Moreover, epidermal and cortical cells in roots change dimension and shape, becoming larger and isodiametric with higher intercellular space due to exposure to salinity (Poljakoff-Mayber, 1988) . Alshammary et al. (2004) reported similar damage in root cortical cells of Kentucky bluegrass and tall fescue (Festuca arundinacea Scherb.) due to increases in salinity. However, their measurements were based on microscopy images instead of physical changes in diameter. During our field study, salinity accumulation in the soil was probably insufficient to generate enough osmotic stress for a salt-tolerant grass such as bermudagrass. Nevertheless, an increase in RD was observed, indicating that salinity levels used in our study may produce the same morphological changes as more extreme salinity levels.
In this study we found that bermudagrass produced roots that were larger in diameter when propagated from sod than from seed. Roots were larger in sod-propagated bermudagrass at soil depths of 5 to 10 cm and 10 to 20 cm, but no difference in root size was observed at 0-to 5-cm depths. Our results are in agreement with Wilkinson (2007) , who reported that roots in sod-propagated Kentucky bluegrass were thicker than roots generated from seed. The author explained the difference in diameter by the fact that roots from sod originate from rhizomes whereas roots from seeded plants originate from the crown (Wilkinson, 2007) .
Early or dormant propagation has been shown to successfully establish warm season turf and result in higher turf coverage at the end of the first growing season. Our study also confirmed that early propagation will provide greater RLD (Table 8) at the end of the establishment period. These findings are supported by Ahring et al. (1975) , who documented that root volume was lower in bermudagrass planted on August 18 than an early propagation in April.
Many past studies that investigated root development of cool and warm season grasses (e.g., Horst et al., 1985; Lee et al., 2004; Nektarios 2005; Sinclair et al., 2011) focused only on root mass or root dry weight as the relevant investigative parameters. Nektarios et al. (2004) reported that other root architecture parameters (length, diameter, and surface area) follow the same pattern as dry weight and concluded that simple dry weight analysis was sufficient to describe rooting patterns and corresponding plant performance. However, in our study root dry weight differed only between irrigation systems at a soil depth of 0 to 5 cm, whereas differences in RLD and RD were noticeable between propagation dates (RLD), water qualities (RLD), and irrigation systems (RLD, RD). Generally, RLD appears to be a much better predictor of turf coverage at the end of the establishment period than RWD, since treatments that reached greatest coverage at the end of the establishment period also had greatest RLD at all depths. Our study indicates that a more detailed root architecture analysis that also includes parameters such as RLD and RD may be necessary to fully explain plant establishment.
Our results suggest that bermudagrass can be successfully established from sod in one growing season even when irrigated with saline water using a subsurface drip system. Subsurface drip irrigation may have delayed establishment when compared with a traditional sprinkler system; however, establishment can still be considered successful at the end of the first growing season under all conditions tested. Saline irrigation water, such as recycled or treated effluent or saline water from a shallow aquifer, does not negatively affect establishment of bermudagrass sod. These results provide important information for turf managers who may be considering the use of subsurface irrigation but question its compatibility with maintenance practices such as establishment without the use of a temporary sprinkler system, or considering replacing sections of turf areas with sod.
